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(54) CDMA Rake receiving apparatus 

(57) A CDMA receiving apparatus includes a plural- 
ity of FINGER processing sections (1) individually pro- 
vided for a plurality of paths and including de-spreading 
sections (5) for receiving a signal spread with a spread 
code and arriving through the paths as a reception sig- 
nal and de-spreading the inputted reception signal with 
a de-spread code and channel estimation sections (6) 
for estimating the paths based on results of the process- 
ing of the de-spreading sections (5). The CDMA receiv- 
ing apparatus further includes a synchronization 
detection and phase tracking section (4) for outputting a 
reception delay amount of the reception signal in a pre- 
determined period to the de-spreading sections (5) of 
the reception processing sections (1). Each of the de- 

FIG. 1 (b) 



spreading sections (5) includes a plurality of correlators 
(81 to 83) for individually correcting, when the reception 
delay amounts are received, the reception delay 
amounts and performing de-spreading processing. 
Each of the channel estimation sections (6) includes a 
plurality of level measurement sections (91 to 93) for 
individually measuring correction value levels of the cor- 
relators (81 to 83), a level comparison section (10) for 
companng the measurement levels, and a path change- 
over section (11) for selecting the correlation magnitude 
of that one of the correlators (81 to 83) which is detected 
to output the highest measurement level. 
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Description 

[0001] The present invention relates to a CDMA (Code 
Division Multiplex Access) receiving apparatus tor use 
with a mobile radio communication system of the CDMA 
type. 

[0002] A CDMA receiving apparatus for use with a 
mobile radio communication system for a portable tele- 
phone set or the like of the CDMA type conventionally 
has such a general construction as shown in FIG. 8. 
Referring to FIG. 8, the CDMA receiving a pp a ra tus 
shown includes a plurality of FINGER processing sec- 
tions 1 (FINGER processing sections 1 <j to 1J. a RAKE 
composition section 2, a decoding section 3 which per- 
forms decoding processing including error correction of 
a reception signal after detection, and a synchronization 
detection and phase tracking section 4. In FIG. 8. refer- 
ence symbol Adenotes a reception signal before de- 
spreading, B a delay amount indication signal indicating 
the timing of de-spreading detected and instructed by 
the synchronization detection and phase tracking sec- 
tion 4, and C a reception signal after detection. In the 
receiving apparatus shown in FIG. 8, in order to process 
each reception signal A of a plurality of paths (that is, 
mum-paths), the plural number of FINGER processing 
sections 1 t to 1„ are provided corresponding to the 
paths. "The term "FINGER- of the FINGER processing 
sections signifies a signal like a finger, and such 
processing sections are called FINGER processing sec- 
tions since they process the reception signal A which is 
a finger-like signal. Meanwhile, the RAKE composition 
section processes signals outputted from the FINGER 
processing sections like a rake. 
[0003] FIG. 9 shows in block diagram a construction 
of the FINGER processing sections 1j to 1 n in the 
CDMA receiving apparatus. Referring to FIG. 9, the 
FINGER processing section 1 shown includes a de- 
spreading section 5 and a channel estimation section 6. 
The de-spreading section 5 includes correlators 8 (8 1 to 
83). A correlation magnitude D is outputted from each of 
the correlators 8 of the de-spreading section 5 to the 
channel estimation section 6. The channel estimation 
section 6 includes a channel estimator 12, and a detec- 
tion section 13 which interpolates symbol positions of 
the reception 6tgnal A based on an estimate channel 
vector obtained by the channel estimator 12. 
[0004] Operation of the CDMA receiving apparatus is 
described with reference to FIGS. 8 and 9. 
[0005] A reception signal A is a modulated signal 
whose signal spectrum was spread by a spread code 
when it is transmitted from the transmission side. Con- 
sequently, upon reception of the reception signal A, the 
synchronization detection and phase tracking section 4 
modulates the reception signal A by successively dis- 
placing the phase of a de-spread code (same code as 
the spread code but inverse in polarity) to determine 
correlation magnitudes. Then, those of the correlation 
magnitudes which are higher than a t hr eshold value 



designated in advance are determined, and each phase 
of the de-spread code corresponding to the deterrnined 
correlation magnitudes is indicated to the de-spreading 
sections 5 of the FINGER proces sin g sections 1i to1 n , 

5 that is, n phases of de-spread code (reception delay 
amounts) corresponding to comparatively high ones of 
the determined correlation magnitudes which are desig- 
nated in the descending order. 
[0008] The correlators 8 of the de-spreading section 5 

10 modulate the reception signal A with the de-spread 
code at the respective designated timings (phases) to 
de-spread the reception signal A, and outputs correla- 
tion magnitudes of the de-spread reception signal A to 
the channel e stimat or 12 and tfie detection section 13. 

15 Each reception signal A of the multi-paths can be sepa- 
rated by de-spreading the reception signal A at timings 
corresponding to the individual paths. 
[0007] In this instance, the channel estimator 12 esti- 
mates a displacement in phase caused by fading and 

20 outputs the estimated emplacement to the detection 
section 13. The detection section 13 interpolates a sym- 
bol position of the de-spread reception signal using a 
vector estimated by the channel estimator 12 and out- 
puts a resulting signal as detection data C. 

25 [0008] The detection data C detected by the n FIN- 
GER processing sections 1 1 to 1 n in this manner are 
sent to and added by the RAKE composition section 2, 
and the result of the addition is outputted to the decod- 
ing section 3. The decoding section 3 performs decod- 

so ing processing including error correction to the 
reception signal from the RAKE composition section 2. 
[0009] FIG. 10 shows in block diagram a construction 
of a CDMA receiving apparatus disclosed in Japanese 
Patent Laid-Open Application No. Heisei 8-256084. 

ss Referring to FIG. 10, the CDMA receiving apparatus 
shown includes an antenna 101, a mixer 102, an oscil- 
lator 103. a correlator 104, a PN (Pseudo Noise = de- 
spread code) load signal control circuit 1 05, PN genera- 
tors 106 to 108, a delay Difference detection circuit 109, 

40 a correlation magnitude detection circuit 110, de- 
spreading circuits 111 to 113, delay lock loops 115 to 
117, demodulation sections 1 18 to 120, delay correction 
circuits 121 to 123, multiplication circuits 124 to 126, an 
addition circuit 127, and a normalization circuit 114. 

45 [0010] In operation, a spread signal received by the 
antenna 101 is converted into a base band signal by the 
mixer 1 02 and the oscillator 103, and the base band sig- 
nal is outputted to the correlator 104, de-spreading cir- 
cuits 111 to 1 13 and the demodulation sections 1 18 to 

so 120. The correlator 104 detects a correlation of the 
reception signal to a PN code (de-spread signal) same 
as that used on the transmission side while succes- 
sively displacing the phase of the PN code to determine 
correlation magnitudes corresponding to a plurality of 

55 paths (in the arrangement shown in FIG. 1 0, the corre- 
lator 104 includes three correlators). 
[0011] The PM toad signal control circuit 105 selects 
three phases which correspond to highest ones of the 



EP0 901 237 A2 



correlation magnitudes obtained by the correlator 104 in 
the descending order and outputs the three phases as 
PN load signals LDn (LD1 to L03) to the PN generators 
106 to 108. The PN generators 106 to 108 respectively 
generate PN signals PNn (PN1 to PN3) synchronized $ 
with the PN load signals LDn and clock signal from the 
delay lock loop circuits 115 to 117. Consequently, PN 
signals synchronized in phase with toe mufti-paths can 
be obtained. The PN signals PNn from the PN genera- 
tors 106 to 108 are supplied to the demodulation sec- 10 
tions 118 to 120, respectively, and the correlation 
magnitude detection circuit 1 10. The demodulation sec- 
tions 118 to 120 demodulate the reception signal based 
on the PN signals PNn In this instance, the top bits of 
the PN signals PNn are suppfied to the delay difference 15 
detection circuit 109. The delay difference detection cir- 
cuit 109 detects phase differences of the PN codes PNn 
based on the received top bits of the PN signals PNn 
and controls the delay correction circuits 121 to 123 to 
correct the phase differences corresponding to the 20 
delay differences of the mufti-paths. 
[001 2] The correlation magnitude detection droit 110 
determines correlation magnitudes using the reception 
signal and the PN codes PNn supplied from the PN gen- 
erators 106 to 108 to the demodulation sections 1 18 to 25 
120. The multiplication circuits 124 to 126 multiply the 
demodulation signals from the demodulation sections 
1 18 to 120 received through the delay correction circuits 
121 to 123 by the correlation magnitudes of the correla- 
tion magnitude detection circuit 110 as weight coeffi- 30 
dents and output results of the multiplication to the 
addition drcurt 127, by which the results of the multipli- 
cation are added. 

[0013] Even the conventional CDMA receiving appa- 
ratus described above with reference to FIGS. 8 and 10 ss 
can accurately perform phase track ng for a spread 
reception signal whose reception delay amount (that is, 
timing of de-spreading) varies in a period substantially 
equal to the processing time of the synchronization 
detection and phase tracking section. However, the con- 40 
ventional CDMA receiving apparatus has a subject to 
be solved in that it cannot accurately perform phase 
tracking for another spread reception signal whose 
reception delay amount varies in a period shorter than 
the processing time of the synchronization detection 45 
and phase tracking section. In other words, since the 
synchronization detection and phase tracking section 
searches for effective paths from within the reception 
signal and tracks the phase as a detected path, it per- 
forms processing to average obtained correlation mag- so 
nitudes in a period of a frame of the signal. Accordingly 
the conventional CDMA receiving apparatus cannot 
accurately perform phase tracking to the reception sig- 
nal when the reception delay amount varies in a period 
shorter than the average processing time of the syn- ss 
chronization detection and phase tracking section. 
[0014] ft is an object of the present invention to pro- 
vide a CDMA receiving apparatus which can accurately 



effect synchronous follow-up to a reception signal even 
under an environment wherein tine reception delay 
amount varies in a period shorter than the processing 
time of a synchronization detection and phase tracking 
section. 

[0015] In order to attain the object descrfced above, 
according to the present invention, there is provided a 
CDMA receiving apparatus comprising a plurality of 
reception processing sections individually including de- 
spreading sections for receiving a signal spread with a 
spread code and arriving through a plurality of paths as 
a reception signal and de-spreading the inputted recep- 
tion signal with a de-spread code and channel estima- 
tion sections for es tima t in g the paths based on results 
of the processing of the de-spreading sections, and a 
synchronization detection and phase tracking section 
for outputting reception delay amounts of the reception 
signal in a predetermined period to the de-spreading 
sections of the reception processing sections, each of 
the de-spreading sections inducting a plurality of corre- 
lators for individually correcting, when the reception 
delay amounts are received from the synchronization 
detection and phase tracking section, the reception 
delay amounts and performing de-spreading process- 
ing, each of the channel estimation sections including a 
plurality of level measurement sections for individually 
receiving the correlation magnitudes outputted from the 
corresponding plurality of correlators to measure levels 
of the correlation magnitudes, a level comparison sec- 
tion for comparing the measurement levels of the plural- 
ity of level measurement sections, a path change-over 
section for outputting the correlation magnitude of that 
one of the correlators which is detected to output the 
highest measurement level by the level comparison sec- 
tion as a reception signal from the path, a channel esti- 
mator for performing estimation of the path based on 
the correlation magnitude of the correlator selected by 
the path change-over section, and a detection section 
for correcting a symbol position of the reception signal 
based on the correlation magnitude selected by the 
path change-over section and an output of the channel 
estimator and outputting the corrected symbol position 
as detection data. 

[0016] In the CDMA receiving apparatus, when a 
reception delay amount is received from the synchroni- 
zation deletion and phase tracking section, the plural- 
ity of correlators of each of the de-spreading sections 
correct the reception delay amounts and perform de- 
spreading processing based on the corrected delay 
amounts and each of the channel estimation sections 
measures correlation magnitude levels of the correla- 
tion magnitudes of the correlators and outputs the cor- 
relation magnitude of that one of the correlators which is 
deterted to output the highest measurement level as a 
reception signal from the path, the CDMA receiving 
apparatus can accurately effect synchronous follow-up 
to the reception signal even in an environment wherein 
the reception delay amount varies in a period shorter 
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than the processing time of the synchronization detec- 
tion and phase tracking sections. 
[001 7] Preferably, the plurality of correlators include a 
first correlator for performing de-spreading processing 
with the reception delay amount, a second correlator for 
performing de-eprearfng processing with a phase lead- 
ing by a predetermined phase from the reception delay 
amount and a third correlator for performing de-spread- 
ing processing with another phase lagging by the prede- 
termined phase from the recept io n delay amount. The 
provision of the first second and third correlators allows 
precise correction of the reception delay amount of the 
reception signal. 

[0018] As an alternative . preferably the plurality of 
correlators include a first correlator for performing de- 
spreading with a phase of a delay amount indicated by 
the synchronization detection and phase tracking sec- 
tion and outputting a resulting correlation value, a sec- 
ond correlator for performing de-spreading with a phase 
leading, where 1 bit of a 6pread code is represented by 
1 chip, by 0.5 chips from the delay amount indicated by 
the synchronization detection and phase tracking sec- 
tion and outputting a resulting correlation value, a third 
correlator for performing de-spreading with a phase lag- 
ging by 0.5 chips from the delay amount indicated by the 
synchronization detection and phase tracking section 
and outputting a resulting correlation value, a fourth cor- 
relator for performing de-spreading with a phase lead- 
ing by 0.25 chips from the delay amount indicated by the 
synchronization detection and phase tracking section 
and outputting a resulting correlation value, and a fifth 
correlator for performing de-spreading with a phase lag- 
ging by 0.25 chips from the delay amount indicated by 
the synchronization detection and phase tracking sec- 
tion and outputting a resulting correlation value. The 
provision of the first to fifth correlators assures a high 
degree of accuracy in timing correction of de-spreading. 
[001 9] Preferably, the CDMA receiving apparatus fur- 
ther comprises a delay amount comparison section for 
comparing the reception delay amounts of the correla- 
tors selected by the path change-over sections of the 
plurality of reception processing sections and allowing, 
when a plurality of the reception processing sections 
exhibits an equal reception delay amount only one of 
the reception processing sections to perform reception 
processing. In the CDMA receiving apparatus, recep- 
tion processing based on an equal reception delay 
amount by a plurality of the reception processing sec- 
tions is eliminated. Consequently, the signal can be 
received accurately and otherwise possible deteriora- 
tion of the reception signal quality can be prevented. 
[0020] The CDMA receiving apparatus may be con- 
structed such that each of the reception processing sec- 
tions includes a path selection section for selectively 
setting an effective path when an effective path signal is 
received from the delay amount comparison section so 
that whether a path is effective or ineffective can be indi- 
cated in accordance with the result of the comparison 



by the delay amount comparison section. In particular, 
me delay amount comparison section indicates, if the 
delay amounts being received by the reception process- 
ing sections at present are different from one another, 

5 with effective path signals to the path selection sections 
of toe reception processing sections that their paths are 
effective so that the reception processing sections may 
perform reception processing with the signal delay 
amounts, but indicates, if the delay amount comparison 

10 section detects as a result of the comparison of the 
reception delay amounts from the reception processing 
sections that a plurality of ones of the reception 
processing sections receive with an equal delay 
amount, to the path selection section of only one of the 

1 s reception processing sections with an effective path sig- 
nal that its path is effective while the delay amount com- 
parison section indicates to each of the path selection 
sections of the remaining ones of the reception process- 
ing sections with an effective path signal that its path is 

so ineffective. By such indication, accurate reception and 
reception quality measurement can be maintained. 
[0021] The above and other objects, features and 
advantages of the present invention will become appar- 
ent from the following description and the appended 

25 daims. taken in conjunction with the accompanying 
drawings in which tike parts or elements are denoted by 
like reference symbols. 

FIG. 1 (a) is a block diagram showing a construction 
30 of a CDMA receiving apparatus to which the 
present invention is applied; 
FIG. 1(b) is a block diagram of a FINGER process- 
ing section which is employed in the CDMA receiv- 
ing apparatus of FIG. 1 ; 
35 FIG. 2 is a diagram illustrating a delay profile; 

FIG. 3 is an enlarged diagram showing part of the 
delay proffle of FIG. 2; 

FIG. 4 is a block diagram showing a modification to 
the FINGER processing section shown in FIG. 1 (B) ; 
40 FIG. 5 is a diagram ifiustrating another delay profile; 
FIG. 6 is a block diagram showing a construction of 
another CDMA receiving apparatus to which the 
present invention is applied; 
FIG. 7 is a block diagram showing a FINGER 
45 processing section incorporated in the CDMA 
receiving apparatus shown in FIG. 6; 
FIG. 8 is a block diagram showing a general con- 
struction of a CDMA receiving apparatus; 
FIG. 9 is a block diagram showing a FINGER 
so processing section employed in the CDMA receiv- 
ing apparatus of FIG. 8; and 
FIG. 10 is a block diagram showing a conventional 
CDMA receiving apparatus. 

55 [0022] Referring first to FIG. 1(a), there is shown a 
CDMA receiving apparatus to which the present inven- 
tion is applied. The CDMA receiving apparatus shown 
includes a plural number of FINGER processing sec- 
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tiorts 1 equal to the number of paths to be received, a 
RAKE composition section 2, a decocfing section 3 and 
a synchronization detection and phase tracking section 
4. In the CDMA receiving apparatus shown in FK3L 1(a). 
n FINGER processing sections 1 (1 1 to 1 J are provided 
so that each signal from n paths can be received, 
respectively. Hie synchronization detection and phase 
tracking section 4 searches for and acquires an effective 
path from a reception signal A and tiacks the reception 
signal A of the effective path. Consequently, the syn- 
chronization detection and phase tracking section 4 out- 
puts reception delay amounts of the reception signal of 
the inci vidua) paths individually to the FINGER process- 
ing sections 1i to1 n . 

[0023] Referring now to FIG. 1(b). each of the FIN- 
GER processing sections 1 (1, to 1„) described above 
includes a de-spreading section 5 which in turn includes 
three correlators 81 to 83. The FINGER processing sec- 
tion further includes a channel estimation section 6 
which in turn includes three level measurement sections 
9 (91 to 93), a level comparison section 10. a path 
change-over section 11. a channel estimator 12 and a 
detection section 13. 

[0024] An outline of operation of the CDMA receiving 
apparatus is described below with reference to FIGS. 
1(a) and 1(b). 

[0025] The reception signal A transmitted as a spread 
code signal is inputted to the synchronization detection 
and phase tracking section 4 and the correlators 8 of the 
de-spreading section 5 of the FINGER processing sec- 
tions 1 1 to 1 n . Each of the correlators 8 in the FINGER 
processing sections 1 1 to 1 n includes three correlators 
81 to 83 as descrtoed hereinabove. The correlators 81 
to 83 process the reception signal with an instruction 
delay amount from the synchronization detection and 
phase tracking section 4. whose phase is successively 
displaced lite id, ±2d 

[0026] The synchronization detection and phase 
tracking section 4 searches for effective paths from the 
reception 6tgnal A, allocates the FINGER processing 
sections 1 1 to l n for the individual paths and reports 
phases of de-spread codes corresponding to delay 
amounts of the individual paths to the correlators 82 of 
the FINGER processing sections 1 1 to 1 n . Here, each of 
the correlators 81 performs processing with a phase 
leading by d of the de-spread code reported to the cor- 
relator 82 while each of the correlators 83 performs 
processing with a phase lagging by d of the de-spread 
code reported to the correlator 82. In this manner, the 
correlators 81 to 83 of each of the FINGER processing 
sections 1i to 1 n perform de-spread processing of the 
reception signal with a de-spread code of a phase lead- 
ing by d of a phase reported from the synchronisation 
detection and phase tracking section 4. another de- 
spread code of the phase reported from the synchroni- 
zation detection and phase tracking section 4 and a fur- 
ther de-spread code of a phase lagging by d from the 
phase reported from the synchronization detection and 



phase tra ck in g section 4, respectively, and send result- 
ing correlation magnitudes to toe corresponding level 
measurement sections 91 to 93, respectively, and the 
path change-over section 11. 
5 [0027] Each of the level measurement sections 91 to 
93 calculates a correlation magnitude level from a 
received correlation magnitude and outputs the correla- 
tion magnitude level to the level comparison section 10. 
The level comparison section 10 compares the conrefa- 
io Hon magnitude levels from the correlators 81 to 83 and 
indicates that one of the correlators 81 to 83 which out- 
puts the highest correlation magnitude level to the path 
changeover section 11. The path change-over section 
1 1 selects one of the correlators 81 to 83 indicated by 
1$ the level comparison section 10 and outputs the corre- 
lation magnitude of the selected one of the correlators 
81 to 83 to the channel estimator 12 and the detection 
section 13. The channel estimator 12 performs estima- 
tion of a path using the output of the one of the correla- 
te tors 61 to 83 selected by the path changeover section 
1 1 to determine a channel estimation vector and out- 
puts the channel estimation vector to the detection sec- 
tion 13. 

[0028] The detection section 1 3 multiplies the correJa- 

25 tion magnitude selectively outputted from the path 
change-over section 11 by the channel estimation vec- 
tor outputted from the channel estimator 12 to interpo- 
late symbol positions of the reception signal and outputs 
results of the interpolation as detection data C to the 

so RAKE composition section 2. Such detection data C are 
outputted from the FINGER processing sections 1 n to 
1 n to the RAKE composition section 2 in this manner. 
[0029] The RAKE composition section 2 performs 
weighted adoption of the detection data C outputted from 

35 the FINGER processing sections 1 1 to l n and outputs 
the result of the weighted addition to the decoding sec- 
tion 3. The decoding section 3 performs decoding 
processing including error correction processing for the 
data processed by the RAKE composition section 2. 

40 [0030] Operation of the CDMA receiving apparatus is 
descrfred in more detail with reference to FIGS. 1(a). 
1(b). 2 and 3. 

[0031] A reception signal A arriving as a spread code 
signal at the COMA receiving apparatus is inputted to 

45 the synchronization detection and phase tracking sec- 
tion 4. The synchronization detection and phase track- 
ing section 4 demodulates the reception signal A using 
a de-spread code, which is the same as a spread code 
used for spreading on the transmission side but inverse 

so in polarity, while successively displacing the phase of 
the de-spread code little by little to determine correlation 
magnitudes. Here, the synchronization detection and 
phase tracking section 4 discriminates a correlation 
magnitude level higher than a certain threshold value 

55 designated in advance as an effective path and deter- 
mines a timing of de-spreading (or a phase of the 
spread code) then as a reception delay amount. 
[0032] FIG. 2isa graph called delay profile which indi- 
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cates the relationship between the reception delay 
amount and the correlation magnitude determined by 
the synchronization detection and phase tracking sec- 
tion 4. 

[0033] Referring to FIG. 2, the axis of abscissa indi- 
cates the reception delay amount and the axis of ordi- 
nate indicates the correlation magnitude level. It can be 
seen from FIG. 2 that three paths having different delay 
times are present and hence multi-paths are present It 
is to be noted that reference symbols a, b and c denote 
delay amounts at which the correlation magnitude have 
peaks. Further, it can be seen that the correlation mag- 
nitude of the path having the delay amount b from 
among the delay amounts a to c is the highest among 
them. It is to be noted that, to the paths having the delay 
amounts a, b and c. the FINGER processing sections 1 
are allocated in a one-by-one corresponding relation- 
ship, and to the correlators 82 of the FINGER process- 
ing sections 1, a de-spread code is allocated at timings 
corresponding to the delay amounts a, b and c. 
[0034] Meanwhile, to the correlators 81 of the individ- 
ual FINGER processing sections 1 , the de-spread code 
is allocated at timings leading by the phase difference d 
From the delay amounts a, b and c, and to the correla- 
tors 83. the de-spread code is allocated at timings lag- 
ging by the phase difference d from the delay amounts 
a. b and c. The phase difference d can be set freely as 
a parameter. Each of the correlators 81 to 83 demodu- 
lates the reception signal A with the de-spread code 
given thereto to effect de-spreading and outputs a result 
of the de-spreading to a corresponding one of the level 
measurement sections 91 to 93 and also to the path 
change-over section 1 1 . Here, H the delay amounts a, b 
and c re pre sen t the maximum values of the correlation 
magnitudes of the corresponding paths accurately, the 
outputs of the correlators 82 are selected by the path 
change-over sections 11, and channel estimation and 
detection are performed based on the outputs of the 
correlators 82. 

[0035] However, since the processing period of the 
synchronization detection and phase tracking sections 
4 is substantially equal to the period of a frame of signal, 
there is the possibility that, due to an influence of fading 
within the processing period, the delay amounts indi- 
cated by the synchronization detection and phase track- 
ing sections 4 and the delay amounts which actually 
exhibit a maximum correlation magnitude may become 
different from each other, resulting in variation of the 
correlation magnitude levels. An example of a delay pro- 
file in such an instance is shown in FIG. 3. 
[0036] The profile of FIG. 3 only shows the correlation 
magnitude level around the delay amount b. Here, while 
the indication of the delay amount of each of the syn- 
chronization detection and phase tracking sections 4 is 
a delay amount denoted by reference symbol b, it can 
be seen in FIG. 3 that the maximum value of the actual 
correlation magnitude is present in the proximity of b + 
d. 



[0037] In this instance, in the CDMA receiving appa- 
ratus of the present ernbodrnerrt, to each of the correla- 
tors 81. the de-spread code is allocated at a timing 
leading by the phase difference d from the delay amount 
5 denoted by reference symbol b. and to the correspond- 
ing correlator 82, the de-spread code is allocated at a 
timing corresponding to the delay amount indicated by 
reference symbol b Further, to the corresponding corre- 
lator 83, the de-spread code is allocated at a timing lag- 
to ging by the phase difference d from the delay amount 
denoted by symbol b. The correlators 81 to 83 perform 
de-spreading processing at the respective timings and 
outputs resulting correlation magnitude levels. 
[0038] The correlation magnitudes outputted from the 
is correlators 81 to 83 are supplied to the level measure- 
ment sections 91 to 93, by which the levels thereof are 
measured, respectively. The measured levels are out- 
putted to the level comparison section 10. The level 
comparison section 10 compares the measured levels 
so of the level measurement sections 91 to 93 and 
instructs the path change-over section 1 1 to select that 
one of the correlators 81 to 83 which outputs the highest 
correlation magnitude level. As a result, in the case of 
the example illustrated in FIG. 3, the correlator 83 which 
25 outputs the maximum value b + d of the correlation 
magnitude is selected. 

[0039] In this manner, correlation magnitudes are 
determined within the range of ±d with respect to a 
delay amount indicated by the synchronization detec- 

30 tion and phase tracking section 4 to select one of the 
correlators which exhibits the highest correlation magni- 
tude level. As a result stabilized reception wherein a 
displacement of the phase of a reception signal caused 
by fading is cancelled can be achieved. 

35 [0040] FIG. 4 shows a block diagram of another FIN- 
GER processing section employed in the CDMA receiv- 
ing apparatus to which the present invention is applied. 
The FINGER processing section 1 shown in FIG. 4 is a 
modification to but is different from the FINGER 

40 processing section 1 shown in FIG. 1(b) tn that it 
includes increased numbers of. i.e., five, correlators 8 
(81 to 85) and level measurement sections 9 (91 to 95) 
comparing with those, i.e., three, in the FINGER 
processing section 1 shown in FIG. 1(b). 

45 [0041 ] Referring to FIG. 4. the correlator 81 performs 
de-spreading with a phase leading by 0.5 chips (1 chip 
= 1 bit of a spread code) from a delay amount indicated 
by a corresponding synchronization detection and 
phase tracking section 4 and outputs a resulting conre- 

so lation magnitude. The correlator 82 performs de- 
spreading with another phase leading by 0.25 chips 
from the delay amount indicated by the synchronization 
detection and phase tracking section 4 and outputs a 
resulting correlation magnitude. The correlator 83 per- 

55 forms de-spreading with a phase of the delay amount 
indicated by the synchronization detection and phase 
tracking section 4 and outputs a resulting correlation 
magnitude. The correlator 84 performs de-spreading 
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with a phase tagging by 0.25 chips from the delay 
amount indicated by the synchronization detection and 
phase tracking section 4 and outputs a resulting corre- 
lation magnitude. The correlator 85 performs de- 
spreading with a phase lagging by 0.5 chips from the 
delay amount indicated by the synchronization detec- 
tion and phase tracking section 4 and outputs a result- 
ing correlation magnitude. 

[0042] In other words, each of the FINGER processing 
sections 1 1 to i n includes, in addition to the correlator 

83 which outputs a correlation magnitude at a timing of 
a delay amount indicated by the synchronization detec- 
tion and phase tracking section 4, the correlators 82 and 

84 and the correlators 81 and 85 which output correla- 
tion magnitudes at intervals of ±0.25 chips and at inter- 
vals of 0.5 chips, respectively. 

[0043] The level measurement sections 91 to 95 
measure the correlation magnitude levels of the correla- 
tors 81 to 85, respectively, and output them to the level 
comparison section 10. The level comparison section 
10 compares the correlation magnitude levels of the 
correlators 81 to 85 measured by the level measure- 
ment sections 91 to 95 and instructs the path change- 
over section 1 1 to select that one of the correlators 81 to 

85 which outputs the highest correlation magnitude. 
The path change-over section 1 1 selects that one of the 
correlators 81 to 85 which exhibits the highest correla- 
tion magnitude level in accordance with the instruction 
from the level comparison section 10 and outputs the 
correlation magnitude of the selected one of the correla- 
tors 81 to 85. The channel estimator 12 effects estima- 
tion off the path using the output of that one of the 
correlators 81 to 85 selected by the path change-over 
section 1 1 to determine a channel estimation vector and 
outputs the channel estimation vector to the detection 
section 13. 

[0044] The detection section 1 3 multiplies the correla- 
tion magnitude outputted from the path change-over 
section 1 1 by the channel estimation vector outputted 
from the channel estimator 12 to interpolate symbol 
positions of the reception signal and outputs a result of 
the interpolation to the RAKE composition section 2. 
The RAKE composition section 2 performs weighted 
addition of the detection data outputted from the FIN- 
GER processing sections 1 1 to 1 n and outputs the result 
of the weighted addition to the decoding section 3. The 
decocfing section 3 performs decoding processing 
including error correction processing tor the weighted 
detected data. 

[0045] Operation of the FINGER processing section 1 
shown in FIG. 4 is described in more detail. Basic oper- 
ation of the FINGER processing section 1 is similar to 
that of the FINGER processing section 1 shown in FIG. 
Kb). 

[0046] First a reception signal A in the form of a 
spread signal is supplied to the synchronization detec- 
tion and phase tracking section 4, which demodulates 
the reception signal A using a de-spread code, which is 



the same as a spread code used for spreading on the 
transmission side but inverse in polarity, while succes- 
sively displacing the phase of the de-spread code little 
by (Htie to determine correlation magnitudes. In this 
5 instance, the synchronization detection and phase 
tracking section 4 determines one of correlation magni- 
tude levels higher than a predetermined threshold value 
designated in advance and discriminates that the path 
corresponding to the correlation magnitude is an effec- 
ts tive path. Then, the de-spread code is set to the corre- 
lator 83 of the corresponding FINGER processing 
section 1 atatimingof the delay amount of the path dfe- 
criminated to be effective. 

[P047] tn this instance, the de-spread code is set to 

is the correlator 81 of the corresponding one of the FIN- 
GER processing sections 1 at a timing of a phase lead- 
ing by 0.5 chips from the delay amount of the effective 
path, and the de-spread code is set to the correlator 82 
of the FINGER processing section 1 at another timing of 

20 a phase leading by 0.25 chips from the delay amount of 
the effective path. Further, the de-spread code is set to 
the correlator 84 of the corresponding FINGER 
processing section 1 at a timing of a phase lagging by 
0.25 chips from the delay amount of the effective path, 

25 and the de-spread code is set to the correlator 85 of the 
corresponding FINGER processing section 1 at another 
timing of a phase delay by 0.5 chips from the delay 
amount of the effective path. Then, de-spreading 
processing is performed by the correlators 81 to 85 and 

30 resulting correlation magnitudes are outputted to the 
level measurement sections 91 to 95, respectively, and 
also to the path change-over section 11. 
[0048] The level measurement sections 91 to 95 
measure the correlation magnitude levels of the correla- 

35 tors 81 to 85 and output them to the level comparison 
section 10. The level comparison section 10 instructs 
the path change-over section 1 1 to select one of the 
correlators 81 to 85 which outputs the height correlation 
magnitude. The path change-over section 11 selects 

40 one of the correlators 81 to 85 in accordance with the 
instruction. The channel estimator 12 and the detection 
section 13 perform channel estimation and detection 
processing, respectively, based on the selected output 
of the path change-over section 11. 

45 [0049] By arranging five correlators in total at 0.25 
chip intervals centered at the correlator 83 which out- 
puts a correlation magnitude at a timing of a delay 
amount indicated by the synchronization detection and 
phase tracking section 4 in this manner, the accuracy in 

so correction of the timing of de-spreading can be 
improved. 

[0050] FIG. 6 shows a block diagram of another 
CDMA receiving apparatus to which the present inven- 
tion is applied. The CDMA receiving apparatus shown in 
55 FIG. 6 is a modification to but is different from the CDMA 
receiving apparatus descrfced hereinabove with refer- 
ence to FIG. 1(a) in that ft additionally includes a delay 
amount comparison section 14 tor receiving a reception 
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delay amount F and outputting an effective path signal 

a 

[0051] HQ. 7 shows a block diagram of a FINGER 
processing section 1 of the CDMA receiving apparatus 
shown in FIG. 6. The FINGER processing section 1 
shown tn FIG. 7 is a modffication to but is Afferent from 
the FINGER processing section 1 described herein- 
above with reference to FIG. 1(b) tn that it additionally 
includes a path selection section 15. Further, the path 
change-over section 11 outputs a reception delay 
amount F mentioned above to the delay amount com- 
parison section 14. The path selection section 15 selec- 
tively sets an effective path when it receives an effective 
path signal G from the delay amount comparison sec- 
tion 14. 

[0052] The additional functions are described. From 
among the delay amounts of timings de-spread by the 
correlators 81 to 83. the delay amount of that one of the 
correlators 81 to 83 selected by the path change-over 
section 11 is outputted as a reception delay amount F to 
the delay amount comparison section 14. The delay 
amount comparison section 14 thus compares such 
reception delay amounts F outputted from the FINGER 
processing sections li to V 

[0053] If the delay amounts being received by the FIN- 
GER processing sections 1 1 to 1 n at present are differ- 
ent from one another, then the delay amount 
comparison section 14 indicates with effective path sig- 
nals G to the path selection sections 15 of the FINGER 
processing sections 1 1 to l n that their paths are effec- 
tive so that the FINGER processing sections 1i to 1 n 
may perform reception processing with the signal delay 
amounts. On the other hand, if the delay amount com- 
parison section 14 detects as a result of the comparison 
of the reception delay amounts F from the FINGER 
processing sections 1 1 to 1 n that a plurality of ones of 
the FINGER processing sections 1i to 1 n receive with 
an equal delay amount then it indicates to the path 
selection section 1 5 of only one of the FINGER process- 
ing sections 1 with an effective path signal G that its 
path is effective while it indicates to each of the path 
selection sections 15 of the remaining ones of the FIN- 
GER processing sections 1 with an effective path signal 
G that its patfi is ineffective. Consequently, those of the 
FINGER processing sections 1 to which it has been 
indicated that the path is ineffective do not perform 
reception processing for a reception correlation magni- 
tude and consequently do not output any detection data 
C. 

[0054] Where the CDMA receiving apparatus has 
such a construction as described above with reference 
to FIGS. 6 and 7, it is effective for such a delay profile as 
shown in FIG. 5. In particular, it is assumed that, where 
the delay amounts of de-spreading timings indicated to 
the correlators 82 of, for example, the FINGER process- 
ing sections 1<| and 1 2 (the correlators to which the 
center values of the phases of the reception timings are 
provided} from the synchronization detection and phase 



tracking section 4 are represented by a and b, respec- 
tively, the reception delay amounts when the correction 
lor tie reception delay amounts is performed by the two 
FINGER processing sections 1-» and I2 become a - d 

5 and b - d, respectively. In this instance, if the CDMA 
receiving apparatus has the construction described 
hereinabove with reference to FIG. 1(a), then when the 
delay amounts of the two FINGER processing sections 
1«, and 1 2 are equal to each other (a-d«b-d as seen in 

to FIG. 5). the FINGER processing sections 1i and 1 2 
receive signals of the same path, and consequently, the 
CDMA receiving apparatus cannot receive the signal 
accurately. 

[0055] In contrast, where the CDMA receiving appara- 

is tus has such a construction described above with refer- 
ence to FIGS. 6 and 7. one of the two FINGER 
processing sections 1j and 1 2 which receive with the 
delay amount b - d and the delay amount a - d, respec- 
tively, is disabled so that it cannot receive a signal. Con- 

20 sequentiy, the CDMA receiving apparatus can receive 
the signal accurately, and accurate reception and recep- 
tion signal quality measurement can be maintained. 
[0056] By preventing a plurality of FINGER processing 
sections from receiving a signal at a same reception 

25 timing in this manner, the signal can be received accu- 
rately, and consequently, otherwise possUe deteriora- 
tion of the reception signal quality can be prevented. 
[0057] As described above, since each FINGER 
processing section includes a plurality of correlators 

30 having de-spread timings and one of the correlators 
which exhbits the highest correlation magnitude is 
selectively used for reception, even rf the reception 
delay amount varies in a period shorter than the 
processing time of the synchronization detection and 

ss phase tracking sections 4, phase tracking can be per- 
formed. In particular, the problem of the conventional 
CDMA receiving apparatus that, if a displacement is 
produced between an instruction of a reception delay 
amount from a synchronization detection and phase 

ao tracking section 4 and a delay amount at which the cor- 
relation magnitude is maximum within a processing 
period of the synchronization detection and phase 
tracking section and varies the correlation magnitude 
level, the variation influences directly on the reception 

45 characte ris tic of the CDMA receiving apparatus can be 
efiminated. 

[0058] Further, since it is prevented that a plurality of 
FINGER processing sections receive at the same tim- 
ing, otherwise possible deterioration in reception signal 

so quality can be prevented. 

[0059] While preferred embodiments of the present 
invention have been described using specific terms, 
such description is for illustrative purposes only, and ft is 
to be un derstood that changes and variations may be 

55 made without departing from the spirit or scope of the 
following claims. 



8 



*15 



EP0901 237 A2 



16 



CI aims 

1 . A CDMA receiving apparatus which includes a ptu- 
rafity of reception processing sections (1) incBvidu- 
ally including de-spreadng sections (5) for s 
receiving a signal spread with a spread code and 
arriving through a plurality of paths as a reception 
signal and de-spreading the inputted reception sig- 
nal with a de-spread code and channel estimation 
sections (6) for estimating the paths based on io 
results of the processing of said de-spreadng sec- 
tions (5), and a synchronization detection and 
phase tracking section (4) for outputting reception 
delay amounts of the reception signal in a predeter- 
mined period to said de-spreadng sections (5) of is 
said reception processing sections (1). character- 
ized in that: 

each of said de-spreading sections (5) includes 
a plurality of correlators (8) for individually cor- 20 
reeling, when the reception delay amounts are 
received from said synchronization detection 
and phase tracking section (4), the reception 
delay amounts and performing de-spreading 
processing; and that 25 
each of said channel estimation sections (6) 
includes a plurality of level measurement sec- 
tions (9) for individually receiving the correla- 
tion magnitudes outputted from the 
corresponding plurality of correlators (8) to 30 
measure levels of the correlation magnitudes, a 
level comparison section (10) for comparing 
the measurement levels of said plurality of level 
measurement sections (9), a path change-over 
section (1 1) for outputting the correlation mag- ss 
nitude of that one of the correlators (8) which is 
detected to output the highest measurement 
level by said level comparison section (10) as a 
reception signal from the path, a channel esti- 
mator (12) for performing estimation of the path 40 
based on the correlation magnitude of the cor- 
relator (8) selected by said path change-over 
section (11). and a detection section (13) for 
correcting a symbol position of the reception 
signal based on the correlation magnitude 45 
selected by said path change-over section (11) 
and an output of said channel estimator (12) 
and outputting the corrected symbol position as 
detection data. 

so 

2. A CDMA receiving apparatus as set forth in claim 1 , 
characterized in that said plurality of correlators (8) 
includes a first correlator (82; 83) for performing de- 
spreading processing with a reception delay 
amount, a second correlator (81; 81, 82) for per- 55 
forming de-spreading processing with a phase 
leading by a predetermined phase from the recep- 
tion delay amount and a third correlator (83; 84, 



85) for performing de-spreading processing with 
another phase lagging by the predetermined phase 
from the reception delay amount 

3. A CDMA receiving apparatus as set forth in claim 1 , 
characterized tn that said plurality of correlators (8) 
includes a first correlator (83) for performing de- 
spreading with a phase of a delay amount indicated 
by said synchronization detection and phase track- 
ing section (4) and outputting a resulting correlation 
value, a second correlator (81) for performing de- 
spreading with a phase leading, where 1 bit of a 
spread code is represented by 1 chip, by 0.5 chips 
from the delay amount indicated by said synchroni- 
zation detection and phase tracking section (4) and 
outputting a resulting correlation value, a third cor- 
relator (85) for performing de-spreading with a 
phase lagging by 0.5 chips from the delay amount 
indicated by said synchronization detection and 
phase tracking section (4) and outputting a result- 
ing con-elation value, a fourth correlator (82) for per- 
forming de-spreading with a phase leading by 025 
chips from the delay amount indicated by said syn- 
chronization detection and phase tracking section 
(4) and outputting a resulting correlation value, and 
a fifth correlator (84) for performing de-spreading 
with a phase lagging by 025 chips from the delay 
amount indicated by said synchronization detection 
and phase tracking section (4) and outputting a 
resulting correlation value. 

4. A CDMA receiving apparatus as set forth in claim 1, 
2 or 3, characterized in that it further comprises a 
delay amount comparison section (14) for compar- 
ing the reception delay amounts of the correlators 
(8) selected by the path change-over sections (1 1) 
of said plurality of reception processing sections (1 ) 
and allowing, when a plurality of the reception 
processing sections (1) exhibit an equal reception 
delay amount only one of the reception processing 
sections (1) to perform reception processing. 

5. A CDMA receiving apparatus as set fourth in daim 
4, characterized in that each of said reception 
processing sections (1) includes a path selection 
section (15) for selectively setting an effective path 
when an effective path signal is received from said 
delay amount comparison section (14), and said 
delay amount comparison section (14) indicates, if 
the delay amounts being received by said reception 
processing sections (1 ) at present are different from 
one another, with effective path signals to said path 
selection sections (15) of said reception processing 
sections (1) that their paths are effective so that 
said reception processing sections (1) may perform 
reception processing with the signal delay 
amounts, but indicates, if said delay amount com- 
parison section (1 4) detects as a result of the com- 
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parison of the reception delay amounts from said 
reception processing sections (1) that a plurality of 
said reception processing sections (1) receive with 
an equal delay amount to the path selection sec- 
tion (15) of only one of said reception processing s 
sections (1) with an effective path signal that its 
path is effective white said delay amount compari- 
son section (U) indicates to each of the path selec- 
tion sections (15) of the remaining ones of said 
reception processing sections (1) with an effective to 
path signal that its path is ineffective. 
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